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(54) METHOD FOR HARDENING SURFACE OF ALUMINUM SUBSTRATE UNDER MELTING 

(57)Abstract: 

PURPOSE: To provide a method for hardening the 
surface of an aluminum substrate under melting capable 
of forming a thick hard layer excellent in wear resistance 
and corrosion resistance in a short time without 
executing pretreatment to the aluminum substrate. 
CONSTITUTION: The inside of a vacuum chamber 1 in 
which an aluminum substrate 7 is arranged is previously 
evacuated. After that, a gas for nitriding the surface of 
the aluminum substrate 7 is introduced therein, and 
plasma having high density is generated by a plasma 
generating device 1 6 in the vacuum chamber 1. 
Simultaneously, the aluminum substrate 7 is applied with 
negative bias voltage to allow ions in the plasma to 
bombard with, and only the surface of the aluminum 
substrate 7 is melted under heating, and active species 
in the plasma are brought into reaction therewith to form 
an aluminum nitride layer. At this time, as for the gas for 
nitriding the aluminum substrate 7, the pressure is set to 
<1 X 1 0-2Torr to >1 X 1 0-4Torr. 




LEGAL STATUS 

[Date of request for examination] 26.03.1 997 

[Date of sending the examiner's decision of 01 .06.1 999 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner s 



http://www1 9.ipdl.ncipi.gojp/PA1 /result/detail/main/wAAAnraOjyDA4082601 26P.., 2005/07/1 2 



Searching PA J 



2/2 s<— v 



decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.gojp/PA1 / result/detail/main/ wAAAnraOjyDA4082601 26P... 2005/07/1 2 



JP,08-260126,A [CLAIMS] 



1/1 s<—V 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] After arranging the aluminum base material 7 in the vacuum chamber 1 and 
decompressing the inside of the vacuum chamber 1 beforehand, the gas for nitriding the front 
face of the aluminum base material 7 is introduced. Within the vacuum chamber 1 While 
generating the plasma of high density with the plasma generator 1 6, impressing negative bias 
voltage to the aluminum base material 7 simultaneously, making the ion in the plasma collide and 
carrying out heating fusion only of the front face of the aluminum base material 7 By the surface 
melting hardening approach of an aluminum base material of making it reacting with the active 
species in the plasma, and making an alumimium nitride layer generating, ******, The surface 
melting hardening approach of an aluminum base material that the gas for nitriding the aluminum 
base material 7 is characterized by being set as the pressure of 1x10 to 4 or more Torrs by 1x10 
to 2 or less Torrs. 

[Claim 2] After arranging the aluminum base material 7 in the vacuum chamber 1 and 
decompressing the inside of the vacuum chamber 1 beforehand, the gas for nitriding the front 
face of the aluminum base material 7 is introduced. Within the vacuum chamber 1 While 
generating the plasma of high density with the plasma generator 1 6, impressing negative bias 
voltage to the aluminum base material 7 simultaneously, making the ion in the plasma collide and 
carrying out heating fusion only of the front face of the aluminum base material 7 ****** and 
the negative bias voltage impressed by the surface melting hardening approach of an aluminum 
base material of making it reacting with the active species in the plasma, and making an 
alumimium nitride layer generating by a direct current or the RF - The surface melting hardening 
approach of the aluminum base material characterized by being set as the range not more than - 
500V more than by 1 0V. 

[Claim 3] After arranging the aluminum base material 7 in the vacuum chamber 1 and 
decompressing the inside of the vacuum chamber 1 beforehand, the gas for nitriding the front 
face of the aluminum base material 7 is introduced. Within the vacuum chamber 1 While 
generating the plasma of high density with the plasma generator 16, impressing negative bias 
voltage to the aluminum base material 7 simultaneously, making the ion in the plasma collide and 
carrying out heating fusion only of the front face of the aluminum base material 7 The surface 
melting hardening approach of an aluminum base material that reduced pressure in ****** and 
the vacuum chamber 1 given beforehand is characterized by being set as 3x10 to 6 or less Torrs 
by the surface melting hardening approach of an aluminum base material of making it reacting 
with the active species in the plasma, and making an alumimium nitride layer generating. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In order that this invention may stiffen the front face of an aluminum 
base material and may raise abrasion resistance and corrosion resistance, it carries out melting 
of the front face of an aluminum base material using the plasma, and relates to the surface 
melting hardening approach of an aluminum base material of making it reacting with the active 
species of the gas for hardening, and making a hard layer forming in the front face of an 
aluminum base material for a short time. 
[0002] 

[Description of the Prior Art] As the surface treatment approach of the former and aluminum, it 
is the subject who is depended on alumite processing, and is ******. This anodizes aluminum, is 
the approach of making a front face generating a precise and firm oxide film (aluminum2 03 : 
alumina), and is used for grant of surface characteristics, such as corrosion resistance, abrasion 
resistance, and insulation. Moreover, hardness can also be hardened to about 600 in Vickers 
hardness number. However, the intermediary **** cage [ as ] and alumimium nitride (AIN) as 
which the abrasion resistance more than an alumina is required attract attention by various- 
ization of the needs by amplification of the application of aluminum in recent years. 
[0003] There are the 1 st method of forming and stiffening another hard thin film on the front 
face of aluminum as an approach of making it harder than the alumina which carried out line 
intermediary generation of the alumite processing on the surface of aluminum, and the 2nd 
method of making the direct hard matter reform and harden the front face of aluminum, the 1 st 
approach — the ion plating method, the sputtering method, reactant vacuum deposition, and 
CVD (chemical vacuum deposition) — there are the thin film forming methods, such as law, and 
gas nitriding, melting nitriding, the laser annealing method and ion-implantation, a plasma 
treatment method, padding welding process, a plasma metal spray method, etc. are raised to the 
2nd approach. 

[0004] However, while ****** can form a hard thin film easily, when it needs a thick thin film like 
hardening processing, said 1st approach takes long duration to it for a membrane formation 
rate's obtaining late predetermined thickness. Moreover, since a base material and the hard film 
are another matter with which physical properties differ, there is a problem also in adhesion or 
endurance. 

[0005] On the other hand, since ****** reforms the base material itself to the 2nd approach and 
a reaction is diffusion of the matter fundamentally while heating a base material separately, 
promoting a reaction and there being problems, such as deformation of a base material, in order 
to make a base material front face react with other matter although adhesion etc. is superior to 
the 1st approach, there is also a problem of requiring long duration. Moreover, in order for 
****** to obtain a thick hard layer, big acceleration voltage is needed for ion-implantation, and 
there is a problem equipment not only becomes expensive, but that it cannot perform processing 
of a large area. Furthermore, although padding welding process and a plasma metal spray method 
are the approaches of forming a thick hard layer in a short time, since there is no surface 
surface smoothness and it carries out in atmospheric air, including impurities, such as oxygen, 
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aggravation of adhesion may be unable to be caused or what has high reactivity with oxygen etc. 
may be unable to be generated. Moreover, to a base material with which what has irregularity in 
a configuration, and precise processing are performed, as a matter of fact, it is impossible and 
hardening processing is *** * **. 

[0006] Moreover, the plasma nitriding approach of the aluminum material indicated by JP,3- 
38339,B using the plasma as an example of generation of the alumimium nitride layer which is a 
hard layer is learned. According to this approach, the alumimium nitride layer with a thickness of 
3 micrometers is generating by processing of 5 hours. This is intermediary **** only at the 
processing time also in 7 hours, when pretreatment time amount is still included, although it is 
the example which made alumimium nitride thick [ in a short time ] and harder than before 
generate. Development of the new technique which can form in the front face of the aluminum 
base material of a complicated configuration the hard layer which was [ adhesion ] thickly 
excellent for a short time from the technical technical problem of the above conventional 
examples was desired. 
[0007] 

[Means for Solving the Problem] This invention is made in view of such a Prioi^art-technical 
problem, and the configuration is as follows. After invention of claim 1 arranging the aluminum 
base material 7 in the vacuum chamber 1 and decompressing the inside of the vacuum chamber 
1 beforehand, the gas for nitriding the front face of the aluminum base material 7 is introduced. 
Within the vacuum chamber 1 While generating the plasma of high density with the plasma 
generator 16, impressing negative bias voltage to the aluminum base material 7 simultaneously, 
making the ion in the plasma collide and carrying out heating fusion only of the front face of the 
aluminum base material 7 By the surface melting hardening approach of an aluminum base 
material of making it reacting with the active species in the plasma, and making an alumimium 
nitride layer generating, ******, The gas for nitriding the aluminum base material 7 is the surface 
melting hardening approach of the aluminum base material characterized by being set as the 
pressure of 1 x1 0 to 4 or more Torrs by 1 x1 0 to 2 or less Torrs. After invention of claim 2 
arranging the aluminum base material 7 in the vacuum chamber 1 and decompressing the inside 
of the vacuum chamber 1 beforehand, the gas for nitriding the front face of the aluminum base 
material 7 is introduced. Within the vacuum chamber 1 While generating the plasma of high 
density with the plasma generator 16, impressing negative bias voltage to the aluminum base 
material 7 simultaneously, making the ion in the plasma collide and carrying out heating fusion 
only of the front face of the aluminum base material 7 ****** and the negative bias voltage 
impressed by the surface melting hardening approach of an aluminum base material of making it 
reacting with the active species in the plasma, and making an alumimium nitride layer generating 
by a direct current or the RF - It is the surface melting hardening approach of the aluminum 
base material characterized by being set as the range not more than -500V more than by 10V. 
After invention of claim 3 arranging the aluminum base material 7 in the vacuum chamber 1 and 
decompressing the inside of the vacuum chamber 1 beforehand, the gas for nitriding the front 
face of the aluminum base material 7 is introduced. Within the vacuum chamber 1 While 
generating the plasma of high density with the plasma generator 16, impressing negative bias 
voltage to the aluminum base material 7 simultaneously, making the ion in the plasma collide and 
carrying out heating fusion only of the front face of the aluminum base material 7 By the surface 
melting hardening approach of an aluminum base material of making it reacting with the active 
species in the plasma, and making an alumimium nitride layer generating, ******, The reduced 
pressure in the vacuum chamber 1 given beforehand is the surface melting hardening approach 
of the aluminum base material characterized by being set as 3x10 to 6 or less Torrs 
[0008] 

[Function] Since the pressure of the gas for nitriding the aluminum base material 7 is set as 
1 x1 0 to 4 or more Torrs by 1 x1 0 to 2 or less Torrs according to invention of claim 1 , nitriding 
treatment is performed stably, the generation rate of alumimium nitride becomes quick, and a 
thick alumimium nitride layer is obtained for a short time. That is, by the low pressure of less 
than 1x10 to 4 Torrs, the plasma is unstable and generation of AIN becomes difficult Moreover, 
by the high pressure exceeding 1x10~2Torr, since the energy of the active species which carries 
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out incidence becomes low, while the generation rate of alumimium nitride is slow, temperature 
unevenness arises on the front face of the aluminum base material 7, and it becomes the cause 
of the generation unevenness of an alumimium nitride layer. 

[0009] Flat alumimium nitride can be made to generate good, controlling evaporation and 
deformation of the aluminum base material 7, since according to invention of claim 2 negative 
bias voltage impressed is made into a direct current or a RF and is set as the range not more 
than -500V more than by -10V. That is, when bias voltage is the low voltage below -10V, 
alumimium nitride cannot be generated, and exceeding -500V, in being too high, it causes 
evaporation and deformation of the aluminum base material 7. 

[0010] According to invention of claim 3, beforehand, since the inside of the vacuum chamber 1 
is decompressed to the pressure of 3x1 0 to 6 or less Torrs, the moisture which serves as 
oxygen itself and an oxygen supply out of an ambient atmosphere is removed good. Thereby, 
aluminum reacts to oxygen and a precedence target and it is prevented good that it is hard 
coming to generate alumimium nitride. Moreover, the presentation of a product, structure, many 
properties, etc. can be acquired to homogeneity by discharging residual gas to altitude. 
[0011] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 
Drawing 1 shows the metal surface-melting-treatment equipment used for the surface melting 
hardening approach of the aluminum base material concerning one example of this invention. All 
over drawing, a sign 1 shows a vacuum chamber, therefore the vacuum chamber 1 is formed at 
conductive ingredients, such as a metal, and the ground 18 is attached. Two ****s of the 
vacuum chambers 1 are carried out up and down for receipts and payments of the aluminum 
base material 7, and an airtight is held by intervening and attaching O ring 2. 

[0012] Exhaust-port 1a is prepared in the pars basilaris ossis occipitalis of the vacuum chamber 
1 , and it connects with the source 3 of a vacuum set to this exhaust-port 1 a from a vacuum 
pump etc. Therefore, the degree of vacuum in the vacuum chamber 1 is detectable to a vacuum 
gage 14. Moreover, the electric conduction shaft 5 which consists of a conductive ingredient 
protrudes on the inner pars basilaris ossis occipitalis of the vacuum chamber 1, and the base 
material susceptor 6 is arranged at the upper bed section of the electric conduction shaft 5. 
Therefore a peripheral face is covered with the base material susceptor 6 and tubed part 
material 6a which consist of an insulating material, only a top face is exposed, and, therefore, the 
electric conduction shaft 5 is insulated by the insulating material 4 also to the vacuum chamber 
1. The aluminum base material 7 is laid on the base material susceptor 6, and contacts the top 
face of the electric conduction shaft 5. Between this electric conduction shaft 5 and the vacuum 
chamber 1, DC power supply 1 3 which impress the direct-current bias of a negative electrical 
potential difference to the electric conduction shaft 5 are connected. Carrying out a deer, the 
electric conduction shaft 5 which a top face exposes functions as a DC electrode. 
[0013] Opening for microwave is formed in the upper wall center section of the vacuum chamber 
1, therefore, it blockades to the quartz-glass plate 10 at an airtight, and the microwave 
installation tubing 9 is connected to this opening. The plasma generator 1 6 is connected to the 
microwave installation tubing 9. Although what therefore generates the plasma is mentioned to 
for example, direct-current (DC) discharge and RF (RF) discharge, microwave (for example, ECR) 
discharge, etc., if the high density plasma is acquired and the front face of the aluminum base 
material 7 can be fused, the plasma generator 16 will be usable and will not be limited especially. 
However, in order not to reduce the energy of the ion which collides, the plasma generator 1 6 
which can operate by the high vacuum is good, therefore it is desirable to use an ECR plasma 
generator. Moreover, opening of the material gas inlet 8 is carried out to the upper wall of the 
vacuum chamber 1, and it connects with the bomb 19 for material gas through the massflow 
controller 15 in this material gas inlet 8. 

[0014] Furthermore, electromagnet-type a main coil 11 and an auxiliary coil 12 are prepared in 
the perimeter of the vacuum chamber 1 like what is indicated by JP,3-1 30370.A for magnetic 
field generating. By the magnetic field generated from this main coil 1 1 and auxiliary coil 12, the 
field which starts a electron cyclotron resonance (ECR) can be made into homogeneity in a large 
field. That is, the plasma which the absorption efficiency of the microwave therefore introduced 
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into this large ECR field improves, and sufficient ionization is performed, and it not only can 
make the ****** ECR point into a large field at a point conventionally, but is generated serves 
as high density. Moreover, by arranging the aluminum base material 7 for processing to an ECR 
field, this high density plasma can be used and the effectiveness of processing can also raise it. 
Furthermore, if an ECR field can be moved before and after the aluminum base material 7 by 
changing the magnetic field of a main coil 1 1 and an auxiliary coil 1 2, respectively and this 
migration is performed on a high frequency, it is also possible to expand a processing field still 
more broadly. The medial-axis line of both the electromagnet-type coils 11 and 12 for field 
generating has agreed with the medial-axis line of the vacuum chamber 1, the microwave 
installation tubing 9, the electric conduction shaft 5, and the base material susceptor 6. 
[0015] Next the surface melting hardening approach of the aluminum base material which uses 
the above-mentioned metal surface-melting-treatment equipment is explained. First the 
aluminum base material 7 is laid on the base material susceptor 6 in the condition of having 
made the top face of the electric conduction shaft 5 contacting, and the vacuum chamber 1 
which intervened O ring 2 and was carried out 2 ****s is attached airtightly. Operate the source 
3 of a vacuum from this condition, it is made to exhaust from exhaust-port 1a, and the inside of 
the vacuum chamber 1 is decompressed. Therefore, it is detectable to a vacuum gage 14 that 
the degree of vacuum in the vacuum chamber 1 reached the predetermined value. It is necessary 
to carry out evacuation of the inside of the vacuum chamber 1 on the preceding paragraph story 
on which this ****** makes it generate the plasma to carry out melting hardening of the front 
face of the aluminum base material 7 using the plasma. When the generation reaction property of 
stable generation of the hard layer at the time of surface hardening or this base material 7 is 
taken into consideration, as for the residual gas which can serve as impurities, such as oxygen 
and moisture, removing as much as possible beforehand is desirable. 

[0016] If the inside of the vacuum chamber 1 is decompressed by the predetermined pressure, 
while introducing the material gas in the bomb 19 for material gas from the material gas inlet 8 
through a massflow controller 15, therefore the source 3 of a vacuum is made to exhaust 
suitably, and the inside of the vacuum chamber 1 is maintained to a predetermined pressure, 
supplying material gas at any time. Material gas flows from the material gas inlet 8 of the upper 
bed of the vacuum chamber 1 , and since it therefore flows into an operation of the source 3 of a 
vacuum out of exhaust-port 1 a of the soffit mostly formed in the diagonal location, it can supply 
material gas mostly in the vacuum chamber 1 at homogeneity. If the class of gas used on the 
occasion of the nitriding treatment of the aluminum base material 7 is gas which promotes 
nitriding besides nitrogen, various kinds of gas can be used for it. As for whether it is made to 
react with what kind of gas, it is desirable to choose according to the property and the object of 
the hard matter which are made to generate. 

[0017] Next while energizing in both the electromagnet-type coils 11 and 12 for field generating, 
respectively and generating a magnetic field in the vacuum chamber 1, the plasma from the 
plasma generator 16 is introduced through the quartz-glass plate 10 from the microwave 
installation tubing 9. 

[001 8] Thus, negative bias voltage is impressed to the metal aluminum base material 7 at the 
same time it generates the plasma of high density in the vacuum chamber 1. That is, therefore, 
the negative direct-current bias of a predetermined electrical potential difference is impressed 
to DC power supply 1 3 from the electric conduction shaft 5 at the aluminum base material 7. 
The plasma containing the active species generated from material gas within the vacuum 
chamber 1 collides with homogeneity mostly on the front face of the aluminum base material 7, 
being accelerated. While the front face of the aluminum base material 7 is heated and fusing by 
this, active species reacts with melting aluminum. 

[001 9] That is, therefore negative bias voltage accelerates, the forward ion and the active 
species which exist in the plasma collide with a front face, and the aluminum base material 7 is 
heated. If there is many ion which collides and energy is high again, the skin temperature of the 
aluminum base material 7 will rise more, and will be fused. The fused metal is activity, since a 
diffusion rate is also quick, reacts at other matter and high speeds, and generates a compound. 
At the ion currently generated in the plasma and active species reacting with molten metal, a 
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hard layer is formed more in a high speed. Moreover, the sputtering phenomenon by the. collision 
of ion happens on the preceding paragraph story from which surface melting therefore happens 
to the collision of ion. and the precise and firm oxide which exists in the front face of the 
aluminum base material 7 can also be removed. Thus, therefore, the front face of the aluminum 
base material 7 can be reformed to this energy at the hard matter by making the ion in the 
plasma collide with the front face of the aluminum base material 7. 

[0020] The reduced pressure beforehand given into the vacuum chamber 1 is set as 3x10 to 6 or 
less Torrs in that case. Moreover, the gas for nitriding the aluminum base material 7 is set as 
1x10 to 4 or more Torrs by 1x10 to 2 or less Torrs. Furthermore, negative bias voltage is made 
into a direct current or a RF, and the electrical potential difference to impress is set as the 
range not more than -500V more than by -1 0V. 

[0021] The reason for setting the reduced pressure in the vacuum chamber 1. as 3x10 to 6 or 
less Torrs is explained in full detail. When it considers that the generation reaction property of 
stable generation of the hard layer at the time of surface hardening or a processing base 
material mentioned above, as for the residual gas which can serve as impurities, such as oxygen 
and moisture, removing as much as possible beforehand is desirable. Then, this ****** se t s the 
reduced pressure in the vacuum chamber 1 as the nitriding treatment of the aluminum base 
material 7 at 3x10 to 6 or less Torrs. The reason is that it is hard to produce a nitride when 
many moisture used as oxygen itself and an oxygen supply exists in an ambient atmosphere in 
order that aluminum may react to oxygen and a precedence target rather than nitrogen. 
Moreover, since various kinds of residual gas influences the presentation of a product, structure, 
many properties, etc. greatly, it is desirable to remove the residual gas in the vacuum chamber 1 
as much as possible beforehand. 

[0022] The reason for setting the gas for nitriding the aluminum base material 7 as 1x10 to 4 or 
more Torrs by 1x10 to 2 or less Torrs is explained. Generally, therefore, it is necessary to 
change the gas pressure under melting hardening processing by the plasma into the property and 
target thickness of the class of gas or processing base material (this example aluminum base 
material 7), and a hard layer. Since the amount of the active species which the pressure field 
where the class of gas changes a discharge property to a ******** case, and discharges to 
stability changes, or is generated in the plasma changes, it is necessary to control to change a 
pressure and to be able to perform optimal processing. Moreover, it is necessary to set up the 
gas pressure under processing, energy required in order for the melting point of a base material 
and the generation temperature of a resultant to also change and to give surface melting to a 
processing base material taking the class of gas into consideration with the property of each 
base material by **** one of intermediary ****, when the class of processing base material is 
changed. Furthermore, the property and target thickness of a hard layer have high possibility of 
being influenced by the processing time and the processing pressure force. When the energy of 
the active species which therefore carries out incidence to change of the processing pressure 
force changes, this originates in a presentation and structure of a product and many properties 
changing, while producing the temperature change on the vacuum chamber 1, the front face of a 
base material, etc. therefore in change of the processing time. And in the surface melting 
hardening processing to the aluminum base material 7, by the low pressure of less than 1x10 to 4 
Torrs, the plasma is unstable and nitriding treatment becomes difficult. Moreover, since the 
energy of the active species which carries out incidence becomes low by the high pressure 
exceeding 1x10-2Torr, while the generation rate of alumimium nitride is slow, it is because 
temperature unevenness arises on the front face of the aluminum base material 7 and it 
becomes the cause of the generation unevenness of an alumimium nitride layer. 
[0023] Making negative bias voltage into a direct current or a RF, the electrical potential 
difference to impress explains the reason set as the range not more than -500V more than by - 
10V. This is because bias voltage is not impressed at all or alumimium nitride cannot be 
generated in the low-pressure case below -10V, and is for causing evaporation and deformation 
of the aluminum base material 7 exceeding -500V, in being too high. For example, if high bias 
voltage is impressed to the thin tabular aluminum base material 7, to the thickness direction of 
this base material 7. a temperature rise will be quick and it will become easy to transform it in 
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this direction. Therefore, in order to control the temperature rise of this base material 7 to some 
extent the need of impressing low bias voltage is produced At a thin thing, it is based on the 
thickness of a plate, and ****** is also possible for generation of a nitride about -10V, and it is 
******. For this reason, when performing nitriding treatment only to the thin tabular aluminum 
base material 7, it is also possible to set negative bias voltage as the range not more than about 
-50V more than by -10V. Moreover, when this base material 7 is large-sized, since heat capacity 
is large, it is hard to go up temperature. Then, it is necessary to impress negative high bias 
voltage and to promote a temperature rise. However, it is intermediary ****** with an uneven 
front face by deformation according [ when a negative electrical potential difference is too high, 
surface temperature goes up too much and evaporation starts, and ] to the dissolution. 
[0024] Although this ****** impresses DC or RF bias to impressing negative bias voltage, also 
as for this, it is desirable for whichever to be fundamentally sufficient as a certain thing, and for 
a difference to look at affinity with an ingredient into an ingredient and to decide therefore, that 
it will be it For example, when the insulating matter is generated like oxide, when a DC bias is 
impressed, an insulating material may carry out the charge up, spark discharge may happen, and 
this causes [ of a base material 7 ] breakage. Therefore, in such a case, it is necessary to 
impress RF bias without the charge up. moreover, bias impression — this — continuation or a 
pulse is sufficient as the earnest impression approach. Furthermore, by impressing bias, ion can 
draw near, it can collide with the front face of the aluminum base material 7, and the matter 
which serves as hindrance of hard layer generation, such as an oxide film of the front face of 
this base material 7, according to the sputtering effectiveness in that case can also be removed. 
Therefore, surface melting hardening processing is performed without pretreating to the 
aluminum base material 7, and a thick hard layer can be generated in a short time. 
[0025] Thus, in the ambient atmosphere which removed impurities, such as oxygen, while 
carrying out heating melting of the front face of the aluminum base material 7 to the nitrogen 
plasma of high density therefore, it can be made to be able to react with the active species in 
the plasma, and a hard alumimium nitride layer can be obtained. Moreover, ion and active species 
can be positively drawn near to the aluminum base material 7, and the generation reaction of the 
heating effectiveness or a hard layer by the collision of ion can be made to perform efficiently by 
impressing negative bias voltage to the aluminum base material 7 in this case. Furthermore, 
layers used as the hindrance of the alumimium nitride stratification, such as an oxide layer which 
exists in the front face of the aluminum base material 7, are simultaneously removable by the 
sputtering effectiveness by the collision of ion. 

[0026] Furthermore, it not only can form a thick alumimium nitride layer by short-time 
processing, but according to this invention, it can process ****** easily with complicated 
configurations and the small aluminum base materials 7, such as irregularity, and the shape of a 
level difference and a screw thread. Moreover, since the head end process for the oxide layer 
clearance conventionally needed on the occasion of processing can be skipped, compaction of 
the large processing time is realized. 

[0027] Hereafter, the example of this invention is explained. 

an example 1 — first, the pure aluminium (JIS A1100) base material 7 has been arranged to the 
base material susceptor 6, and evacuation of the inside of the vacuum chamber 1 was carried 
out in the source 3 of a vacuum. Having introduced the material gas for hardening processing 
from the material gas inlet 8, and drawing in therefore in the source 3 of a vacuum in the place 
where the vacuum gage 1 4 reached the degree of vacuum of a predetermined pressure, the gas 
flow controller 15 adjusted so that it might become a predetermined pressure. Then, both the 
electromagnet-type coils 1 1 and 1 2 were operated, the magnetic field of 875gauss(es) was 
impressed, and the ECR plasma was generated at the same time it introduced the microwave 
whose frequency is 2.45GHz from the microwave installation tubing 9 through the quartz 
aperture 10. Then, the negative DC-bias electrical potential difference was impressed to the 
base material susceptor 6 from bias power supply 1 3, and bias was made to act on the aluminum 
base material 7. And predetermined time continuation of this condition is carried out, and it is 
****** about the processing for the hard stratification to the front face of this base material 7. 
[0028] By this example 1, the reduced pressure beforehand given into the vacuum chamber 1 
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was changed, and the effect of residual gas and the effectiveness of bias voltage were 
investigated. As processing conditions, the reduced pressure in the vacuum chamber 1 was 
changed in the range of 1x1 0-5Torr to 5x10-7Torr, and others processed it as the following 
conditions. 

Introductory gas: Nitrogen (N2) 

Introductory gas pressure: 4x10-4Torr (N2 flow rate = 100sccm) 

microwave output: — 1kW negative bias voltage: — DC-300V, -500V, -600V, and processing- 
time: 15 minutes [0029] Consequently, as shown in a table 1 (Ox showed the propriety of AIN 
generation), when the reduced pressure in the vacuum chamber 1 was 3x10 to 6 or less Torrs, 
AIN generation was possible, and the front face of the aluminum base material 7 was discolored 
black. When AIN is not generated, it is metallic luster, and sputtering of the front face is only 
merely carried out, and it is Moreover, even when changing bias voltage, by -600V, the 

aluminum base material 7 deformed [ inside **** ] change into the pressure in which AIN 
generation is possible. It was checked from the result of the X diffraction measurement which 
shows the above-mentioned black matter to drawing 2 that it is AIN of a wurtzite mold. Although 
this AIN layer is precise and some dispersion is in thickness from the cross-section observation 
by the optical microscope which omitted the graphic display, that thickness is about 20- 
micrometer ******. Moreover, at Vickers hardness number (Hv), the hardness of AIN is very 
hard and ******. [ about 1400 and ] When EPMA (electron probe microanalyzer) analysis of the 
presentation of the generated AIN layer was carried out, as shown in drawing 3 , moreover, 
aluminum and nitrogen were distributed over homogeneity by the presentation of about 1*1 
[0030] 
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[0031] ** which it divides that a thick AIN layer is obtained from the above result by setting 
reduced pressure in the vacuum chamber 1 to 3x10 to 6 or less Torrs by the surface melting 
hardening approach by the plasma in carrying out surface hardening of the aluminum base 
material 7. 

[0032] The pressure of the nitrogen gas introduced example 2 was changed in the range of 
1x10-1Torr to 1x10-4Torr, negative bias voltage was considered as DC-300V regularity, and it 
carried out on the same conditions as an example 1 except [ all ] having set the reduced 
pressure in the vacuum chamber 1 as 3x10 to 6 or less Torrs. 

[0033] Consequently, the thickness of the hard layer (AIN layer) by which the pressure of the 
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introduced nitrogen gas was generated more how changed, as shown in drawing 4 . That is, the 
plasma by which the pressure of nitrogen gas was stabilized by the pressure of 1 x1 0 to 4 or less 
Torrs is not acquired, but AIN generates almost and it is inside ****. Moreover, the field where 
a thick AIN layer is obtained is the range which set the pressure of nitrogen gas as 1x10-4Torr 
from 1x10-2Torr, and is ****** Furthermore, ** which it divides that the generation thickness 
of AIN is dramatically thick and a generation rate is dramatically quick in the pressure range of 
1 x1 0-3Torr to 4x1 0-4Torr. It is the pressure range of 1 x1 0-3Torr to 1 x1 0-4Torr that drawing 5 
shows the relation between the pressure of nitrogen gas and Vickers hardness number, and a 
hard AIN layer is obtained on the other hand. Moreover, change of the pressure of each nitrogen 
gas and the crystal structure of AIN was shown in drawing 6 as a result of X diffraction 
measurement Thereby, it turns out that the crystal stacking tendency of an AIN layer changes 
[ the pressure of nitrogen gas ] from non-orientation to orientation by 3x1 0 to 3 or more Torrs 
(002). 

[0034] ** which it divides by setting the pressure of nitrogen gas as the range of 1 x1 0-2Torr to 
1x10-4Torr from the above result that an AIN layer is generable with a quick generation rate 
rather than before. Moreover, a generation rate becomes still quicker and an AIN layer with a 
high degree of hardness is obtained in the pressure range of 1x10-3Torr to 4x10-4Torr. 
Furthermore, ** which it divides that a crystal stacking tendency is also controllable by changing 
the pressure of nitrogen gas. 

[0035] The negative bias voltage impressed to the example 3 aluminum base material 7 was 
changed in DC0V to -500V, the pressure of nitrogen gas was set constant [ 4x1 0-4Torr ], and it 
carried out on the same conditions as an example 1 except [ all ] having set the reduced 
pressure in the vacuum chamber 1 as 3x10 to 6 or less Torrs. 

[0036] Consequently, a big change as shows the thickness of the generated hard AIN layer to 
drawing 4 was seen, and inside **** changed, as the hardness of an AIN layer was shown in 
drawing 7 . That is, although the hard layer of Vickers hardness number Hv1400 can do negative 
bias voltage more than by -180V, hardness falls rapidly less than [ -180V ] and it becomes about 
500 abbreviation Hv from -1 50V by -1 30V, hardness is still maintained. In addition, it is ****** 
so that AIN may not be generated less than [ -130V ] but deformation may be looked at by the 
base material 7 more than by -500V. Moreover, as negative bias voltage showed the about 500 
Vickers hardness number [ not more than -150V / Hv ] hard layer (AIN layer) by the example 2, 
the crystal stacking tendency changed from non-orientation to orientation (002). 
[0037] The negative bias voltage to impress has the range better than the above result of -130V 
to -500V. However, when you need a harder layer, it is desirable to make bias voltage into the 
range of -180V to -500V. Moreover, ** which it divides that crystal orientation is also 
controllable by changing bias voltage. 

[0038] The example 4 aluminum base material 7 was made into the same conditions as an 
example 3 except having made it the thin tabular thing. Consequently, when not impressing bias 
voltage, or when it impresses -5V, AIN is generated, and it is inside ****. Then, when bias 
voltage was impressed -20V, AIN was generated by the thin field of the thickness direction, but 
before AIN was generated by the field of the die-length direction after a while, the tabular base 
material 7 deformed. Then, when bias voltage was lowered to -10V, the thin tabular base material 
7 was also able to be made to generate AIN. Also at the lowest, the bias voltage to impress is 
understood more that -10v or more is required the above result However, with the thin tabular 
base material 7, not much high bias voltage is ** which that it cannot impress also divides 
[0039] The case where bias voltage is changed in order to make the class of example 5 
aluminum base material 7 into five kinds of JIS, A1100, A2017, A5052, A5056, and A6063. and to 
investigate the generation condition of AIN, and bias voltage were made regularity of -300V, and 
it carried out on the same conditions as an example 1 except having set the reduced pressure in 
the vacuum chamber 1 as 3x1 0 to 6 or less Torrs. 

[0040] Consequently, as shown in a table 2, generation of AIN was checked with this base 
material 7 of all classes. Moreover, when the electrical potential difference of AIN generation 
initiation of each of this base material 7 is investigated, it is A1 100 and is -130V and A2017, and 
it is -200V and A5052, is -100V and A5056, is -300V in -80V and A6063, and is ******. 
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furthermore, bias voltage -300V — the condition of having presupposed that it is fixed — the 
thickness of the AIN layer in each base material 7 — A1 100 — 20 micrometers and A201 7 — 20 
micrometers and A5052 — 25 micrometers and A5056 — 27 micrometers and A6063 — 1 
micrometer — ****** The above result shows that there is the need of changing processing 
conditions a lot with the alloy element contained in a base material 7. Therefore, to perform 
actual processing, the ingredient to process needs to examine conditions to a detail 
[0041] 
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[0042] 

[Effect of the Invention] According to the surface melting hardening approach of the aluminum 
base material concerning this invention, the following effectiveness can be done so so that I may 
therefore be understood by the above explanation. It is ****** so that the thick hard layer 
excellent in abrasion resistance or corrosion resistance can be formed in a short time, making 
deformation of the base material at the time of processing control without pretreating an 
aluminum base material by carrying out melting of the front face of an aluminum base material 
using the plasma, and making it react with the active species of the gas for hardening. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/07/12 



JP,08-260126,A [DESCRIPTION OF DRAWINGS] 



1/1 ^— v 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram showing the metal surface-melting-treatment equipment 
used for the surface melting hardening approach of the aluminum base material concerning one 
example of this invention. 

[Drawing 2] The diagram showing the structure of the AIN layer which it is similarly as a result of 
X diffraction measurement. 

[Drawin g 3] Drawing showing presentation distribution of an AIN layer cross section similarly. 
[Drawing 4] The diagram showing relation with the thickness of a nitrogen pressure force- AIN 
layer similarly. 

[Drawin g 5] The diagram showing relation with the hardness of a nitrogen pressure force-AIN 
layer similarly. 

[Drawing 6] The diagram showing relation with a structural change of a nitrogen pressure force- 
AIN layer similarly. 

[Drawing 7] The diagram showing relation with the hardness of the bias voltage-AIN layer 
similarly impressed. 
[Description of Notations] 

1: A vacuum chamber, the source of 3:vacuum, 4:insulating material, 5:electric conduction shaft, 
6:base material susceptor, 6a:tubed part material, 7:aluminum base material, 8:material gas inlet 
9:microwave installation tubing, 1 0rquartz-glass plate, 11:main coil, 12:auxiliary coil, 13:DC power 
supply, 14:vacuum gage, 15:massf!ow controller, 16:plasma generator, 18:ground, 19 : bomb. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Drawing 2] 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 5] 
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